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1). Two sets of laboratory experiments have been focused on the dynamics of a dense plume of salt water flowing down a slope in a rotating basin that is filled with ambient water of lower salinity.
2). A theory has been developed (Whitehead 2000) that describes the effects of density stratification on the sinking of dense water. Some laboratory experiments were started under this project. A thin surface layer of fresher water (like the arctic halocline) produces multiple equilibrium behavior if it is cooled and also subjected to large friction as for example will be found under rough sea ice. Certain boundary conditions such as a fast cooling relaxation time or brine supply from ice formation produce enhanced sinking.
3). Free surface flows over obstacles in a channel of constant width are analyzed and observed in the laboratory. There is a range of parameters where two steady flow states are possible (Baines 1995 so that no waves can propagate upstream (against the flow) over the obstacle. The other state has a hydraulic jump that travels upstream to infinity. In the latter case, the flow undergoes a subcritical (i.e. waves can propagate in both directions) to supercritical transition at the obstacle crest. 4). Vortex generation is investigated as a current of dense water descends down a gentle slope and then encounters steep shelf break topography. Laboratory experiments on a rotating turntable (to simulate earth rotation) possess the geometry present near the north-eastern part of the Chukchi shelf: a canyon with a gentle slope (Barrow Canyon, Alaska) and a steep continental shelf break in contact with deep water (Arctic Ocean).
SCIENTIFIC/TECHNICAL RESULTS
1). For the plume experiments, over a wide range of parameters, three flow types are found: laminar flow, waves, and eddies. Regime diagrams illustrate the range of variables that produce these three different types. Using a simple Ekman layer theory to determine the properties of the basic flow, the experimental results collapse to a diagram that indicates that Froude number is the main criterion for wave formation. Experiments further show that the waves produce little mixing for nonrotating fluid, but that mixing increases substantially for rotating fluid. Figure 1 shows a photograph of such a plume in rotating fluid. Results are to be reported by Cenedese et al. (in Prep.) . 2). For convection with a thin layer of fresh water near the surface, the sinking rate of dense water becomes very nonlinear as a function of the forcing. Thus in some cases cooling of fresh surface water can suddenly transform to cooling of salty deeper water mixed with surface water as cooling rate gradually intensifies during the winter. Once deep convection is active, it will remain so as cooling declines in the spring. At a second lower value of the cooling rate, the deep cooling will switch off. A laboratory experiment is in progress that is intended to demonstrate this process. Further experiments on this process, will be supported by other projects. These theoretical results completely contradict present numerical and theoretical deep ocean convection parameterization schemes in which the convection is monotonically proportional to cooling rate. Results are published in Whitehead (2000) .
3). For flows over an obstacle in the range where two stable steady flows are possible, a new third steady solution has been found in conjunction with P. Baines. This solution involves a hydraulic jump that is stationary over the upstream face of a long obstacle. The mathematical solution is contiguous with the other two other solutions, and in a sense, lies between them. However, this new solution is unstable. If the stationary jump is displaced to a location with a slightly different bottom height, it will move further in the same direction. This criterion thereby dictates that jumps are unstable on upslope flow and stable on downslope flow. Such features have been tested with two series of experiments. Naturally, attempts to observe the new solution were unsuccessful apparently because of its instability.
Comparisons were made between the observed abrupt transitions between flow states, and the predictions of hydraulic theory. Qualitatively the agreement is quite good, with differences attributable to experimental factors that are not contained in two-dimensional long wave hydraulics.
Results are presented in Baines and Whitehead (2001) 4). The simplified model of dense flow down a canyon produced eddy formation when the dense fluid moves from a gentle slope in a shallow environment, such as the Chukchi shelf, to a steep deep environment , such as the shelf break, as illustrated in figure 2 . The project requires additional support for further experiments. 
IMPACT FOR SCIENCE OR SYSTEMS APPLICATIONS
The dependence of dense water fonnation strength on history will introduce strong challenges to numerical modeling. Some quantitative criteria have been found to help oceanographers detennine where convection is likely to be found. Parameters that determine the emergence of mixing and the detachment of eddies into the Arctic ocean are becoming more clearly known. In no case did the flows look like the standard streamtube parameterizations used to describe large ocean overflows. Ekman layer processes, Kelvin-Helmholtz waves, and hydraulic jump processes made their own distinct contribution in shaping the fonn of the current and in some cases breaking it up into eddies.
TRANSITIONS
In all problems we intend to describe these and related processes clearly in a manner accessible to oceanographers and students. The results suggest a number of ocean measurements.
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